Introduction
The kidney is the organ in which urine is produced by filtration ofthe blood in the glomerulus. The filtrate, while traveling through the uninifenous tubules and collecting ducts, is processed by reabsorption and secretion of various substances, activities that determine the final constituents ofthe urine (Berry, 1982; Burg, 1981 (J Histochem Cytochem 39:287-298, 1991) KEY X RD5:
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tensively studied by various methods, such as measurement of glucose concentration in the tubules and binding of inhibitors of glucose transport (for reviews, see Sacktor, 1989; Silverman, 1986; Burg, 1981) . These observations showed that glucose is actively taken up by Na -dependent active glucose transport (GT) in the proximal tubules (Ullnich, 1979) . Subcellular fractionation studies have suggested that Nat-dependent GT is localized at the apical plasma membrane ofthe proximal tubule cells. Glucose is then transported through the basolatenal plasma membrane to the extracellular space and finally enters the bloodstream.
The presence of the facilitated diffusion GT at the basolateral plasma membrane has been demonstrated (Silverman, 1986) . Six types of GTs, one Nat-dependent GT and five isoforms offacilitated diffusion GT, have thus far been identified and sequenced in animal cells (for reviews, see Bell et al., 1990; Gould and Bell, 1990) . We show here the light and dcc- et al., 1981; Walter et al., 1980) . Anti-human erythrocyte GT antibody was prepared in rabbits with purified human erythrocyte GT used as the immunogen and characterized as previously described (Kasahara et al., 1985; Sase et al., 1982 
Figure a Immunofluorescence localization
of SGLTI in rat kidney. Semi-thin frozen sections were triple stained for SGLT1 by the rhodamine labeling method (red), for F-actin with fluorescein-phalloidin (green), and for nuclear DNA with DAPI (blue). A single-exposure image for (b) F-actin, as well as double-exposure images for (a,c) SGLT1 and nucleus, and for (d) F-actin and nucleus, is shown. (a,b) A survey view around the border of the cortex (upper left) and outer stripe ofthe outer medulla (lower right). All ofthe brush borders of proximaltubule cells seen with F-actin staining (b) are positive for SGLT1 (a)(arrows). Tubules lacking brush borders, on the other hand, are negative for SGLT1 (arrowheads).
The glomerulus (G) is also negative for SGLT1. (c,d) Enlarged view in the cortex. Brush borders of the proximal tubules (P) are positive for SGLT1 (arrows). Note that the pattern of SGLT1 positive sites (red) is identical to that of brush borders (F-actin) of proximal tubules (green). No positive staining for SGLT1 is seen in the cytoplasm or at the basolateral plasma membrane. D, distal tubule; G, glomerulus. Bars: a,b = 50 tm; c,d = 10 tm.
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Results

Characterization of the Antibodies
Immunoblot analysis of the kidney lysates showed that anti-SGLTi antibody detected a 77 KD protein.
This observation is in good agreement with the calculated (73 lcD) and observed (75 KD) M1 of the intestinal SGLT1 (Hediger et al., 1987) . Rat kidney slices were cut into four parts so as to roughly represent the cortex, outer stripe ofthe outer medulla, inner stripe ofthe outer medulla, and inner medulla, lysed, and immunoblotted ( Figure  1) . A strong (77 KD) band was found in lysates of the cortex and outer stripe of the outer medulla, whereas a weak one was detected in the lysate of the inncr stripe of the outer medulla, and only a trace reaction occurred with the inner medulla lysate.
The anti-GWTi antibody detected a 48 KD protein in rat kidney lysates ( Figure  2) , the molecular weight ofwhich is within the 44-55 KD range ofGLUT1 (Kasahana et al., 1985; Mueckler et al., 1985) . Broad profiles of the bands were characteristic of GLUT1 (Kasahara et al., 1985) . The strongest 48 lcD band was seen in the inner stripe of outer medulla. The intensity decreased in the order of inner medulla, outer stripe of outer medulla, and cortex. where dense label was seen in the apical endocytic vacuoles, apical Figure 6 . A survey view for the localization of GLUT1. A cryostat section was stained with anti-human erythrocyte GT antibody.
GLUT1
is seen mainly in the inner medulla (IM) and the inner stripe of outer medulla (OM-IS). The outer stripe of outer medulla (OM-OS)
is also moderately stained. Only sporadic staining is seen in the cortex (C). ABC method. Bar = 1 mm.
. ,
: .:
;. , -. Figure  5 ).
Immunohistochemical Localization of GLUT1
Low-magnification survey view of the kidney showed that GLUT1 was found mainly in the inner stripe of outer medulla and the inncr medulla ( Figure  6 ). Moderate staining was seen in the outer stripe of outer medulla, and only sporadic staining was found in the cortex. We did not detect positive staining in the cells of glomeruli, proximal tubules (Si on S2), on distal tubules in the cortex (Figures   7a and 7b; l#{224}ble 1) . Only collecting duct cells were positively stained in the cortex (Figures  7a and 7b ). In the outer medulla, S3 pnoximal tubules ( Figures  8a and 8b) , the thick limb of Henle's loop ( Figures  7c, 7d, 8c, and 8d) , and collecting ducts ( Figure  8c ) were positive (Table   1 ). The thin limb ofHenle's loop, on the other hand, was negative ( Figures  7c and 7d) . To clearly reveal the precise localion of the label, triple fluorescence staining for GLUT1, F-actin, and DNA in semi-thin frozen sections was employed ( Figure  8b ). 53 proximal tubule cells were identified by the F-actin staining of their wide brush border and by the rather straight lateral cell contour. GLUT1 was localized at the basolateral plasma membrane of these cells (Figures  8a and 8b) . The apical brush border, which was strongly stained with fluonescein-phalloidin, was devoid of label ( Figures  8a and 8b) . In the cells of the thick limb of Henle's loop, the label was found along the infoldings ofthe basolateral plasma membrane ( Figures  8c and 8d ), but no staining was detected on the apical aspect of the plasma membrane.
In the collecting ducts also, the basolateral plasma membrane was stained (Figure 8c ). The basal side was stained more widely compared with the lateral side. The apical side was devoid oflabel.
In the inner medulla, only the collecting ducts were positive, and their staining pattern was the same as those of the collecting ducts in the outer medulla ( Figure   8e ). We did not find any appreciable difference in staining between the two types ofcollecting duct cells, i.e. , principal cells and intercalated cells. The ultrastructural location of GLUT1 was determined by the immunogold staining of the ultra-thin frozen sections.
The basolateral plasma membrane of 53 proximal tubule cells was positively labeled (Figure  9b ), whereas the apical brush border plasma membrane was not labeled ( Figure  9a ). In the cells of the thick limb of Henle's loop, the label was seen along the plasma membrane ofthe basolateral infoldings (Figure 9c) , confirming the immunofluorescence observations (Figures  8c and 8d) . The cells of collecting ducts, which have short, narrow basal infoldings, showed label along the plasma membrane ofthese basal infoldings ( Figure  9d ), as well as in the straight lateral plasma membrane. The apical plasma membranes or cytoplasmic organdIes of these cells were negative.
These observations confirmed the immunofluorescence observations ( Figures  8a-8e ).
Histochemical Controls
When 
Discussion
In this report, we show the immunohistochemical localization of two types of GTs, SGLT1 and GLUT1, in the rat kidney.
GTh in the Proximal Tubules
With anti-Na -GT antibody raised against a peptide synthesized according to the deduced amino acid sequence of rabbit intestinal Na-GT (Hedigen et al., 1987) , SGIT1 was localized at the apical brush border plasma membrane ofthe proximal tubules ofall three TAKATA, KASAHARA, KASAHARA, EZAIU, HIRANO (g,h) Inner stripe of outer medulla stained with anti-GLUT1 serum raised against the C-terminus peptide of HepG2 GT in the presence of SGLT1 peptide (500 g/ml).
The peptide shows no effect on the positive labeling in cells of the thick limb of Henle's loop (arrows). Bar = 10 tm.
(51, 52, 53)segments. This coincides very well with results obtained by other techniques (Sacktor, 1989; Silverman, 1986; Ullnich, 1979; Kinne et al., 1975 , 1990; Gould and Bell, 1990) , the liver-type GT (GWT2) and brain-type GT (GLUT3), whose manscripts were detected in kidney (Fukumoto et al. , 1988b; Thorens et al. , 1988) , are the most probable candidates. Unfortunately, at present we do not possess good antibodies against these G'Th that are suitable for immunohistochemical studies.
Molecular Configuration of SGLT1
Anti-peptide antibodies were used in ELISA and immunoblotting to elucidate the orientation ofGLUT1 (Davies et al., 1987) . In our study, the anti-peptide antibody to SGLT1 was raised against the proposed cytoplasmic domain of the molecule. (Berry, 1982; Burg, 1981) . These cells are rich in mitochondnia (Bulgen and Dobyan, 1982) , and Na ,K -ATPase activity is high in the cells ofthe medullary thick limbs of Henle's loop (Benny, 1982 
